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Pseudoexfoliation is a systemic disorder characterized by the deposition of extracellular matrix material. The microfibrillar material that gives rise to the condition is readily visible clinically in the anterior segment of the eye, and is also found in other tissues, including blood vessels, skin, gallbladder, kidneys, lungs and heart\[[@ref1]--[@ref3]\] Several studies have reported an association between ocular pseudoexfoliation (PEX) and coronary artery disease,\[[@ref4]--[@ref6]\] asymptomatic myocardial diastolic dysfunction,\[[@ref7]\] peripheral vascular disease,\[[@ref8]\] abdominal aortic aneurysm,\[[@ref9]\] and subclinical myocardial ischemia.\[[@ref10]\] Despite accumulating evidence that pseudoexfoliation may be an independent risk factor for cardiovascular disease, other studies have failed to demonstrate any significant association with coronary artery disease,\[[@ref11]\] or any increase in all-cause mortality, or cardiovascular mortality.\[[@ref12][@ref13]\] Given the clinical implications of a shared pathogenesis of an ocular disorder diagnosed at the slit lamp and systemic vascular disease, we explored the potential associations between PEX and cardiovascular diseases, using a large national cohort of beneficiaries in the Veterans Health Administration (VHA), with a cross-section study design.

Materials and Methods {#sec1-2}
=====================

The investigations were performed according to the guidelines of the Declaration of Helsinki. The protocol (Study \# 1002-66-"Analysis of Retrospective Data Sets in Ophthalmology: Trends, Outcomes and Costs") was approved by the Indiana University and the Clarian Health System Institutional Review Board in Indianapolis, Indiana, and the Veterans Administration Research and Development Committee for Compliance with Human Protection at the Richard L. Roudebush VAMC Indianapolis, Indiana.

The VHA national patient care database (Inpatient and Outpatient), which consolidates information from approximately 1,300 sites of care throughout the nation, was used to collect information on medical diagnoses from the fiscal year 2010. We used a cross-section study designed to determine whether an association existed between PEX (pseudoexfoliation of lens capsule and pseudoexfoliation glaucoma \[PEXG\]) and the major categories of cardiovascular disease, compared to large populations of patients with primary open-angle glaucoma (POAG), chronic sinusitis, and benign prostatic hyperplasia (BPH). For the purpose of this study, the acronym PEX will refer to both pseudoexfoliation of the lens capsule with and without glaucoma, and PEXG to those with glaucoma.

International Classification of Diseases, Clinical Modification, Ninth revision, (ICD-9-CM) was used to identify patients with pseudoexfoliation of the lens capsule (366.11) and pseudoexfoliation glaucoma (365.52). Case-patients consisted of persons with either diagnosis. Patients with ICD-9-CM diagnosis of POAG (365.11), chronic sinusitis (473, 473.0-473.9), and BPH (600.00-600.9) made up the comparison groups. Patients in the comparison group could not have had ICD-9-CM diagnoses of PEX or PEXG, through a two-year, look-back period. Patients with BPH exceeded 600,000, so a 20% sample was randomly selected.

The following cardiovascular diseases were identified through the ICD-9-CM codes: acute myocardial infarction (410); acute, subacute, and chronic ischemic heart disease (411; 412); angina pectoris (413); 'other forms' of chronic ischemic heart disease (414); congestive heart failure (428); cardiomyopathy (425.0 \[idiopathic\], 425.1 \[obstructive\], and 425.9 \[other\]); and aortic aneurysm (441 \[abdominal and thoracic\]). Other forms of chronic ischemic heart diseases (coded as 414) typically identify conditions like coronary calcification or narrowing of coronary arteries, on angiography. The following risk factors for cardiovascular disease were also captured: systemic hypertension (ICD-9-CM: 401.0, 401.1, 401.9), hyperlipidemia (ICD-9-CM: 272), diabetes (ICD-9-CM: 250), and tobacco exposure (ICD-9-CM: 305.1). For patients with multiple heart disorders and cardiovascular risk factors, each condition was treated as an independent variable.

Statistical study {#sec2-1}
-----------------

Demographic findings and frequencies of cardiovascular disease and cardiovascular risk factors were calculated for case and comparison groups. *P*-values for continuous variables were obtained by the Kruskal--Wallis test and *P*-values for categorical variables were obtained by the chi square test. The relative risks for individual cardiovascular diseases and risk factors for cardiovascular diseases with PEX and POAG were examined using the logistic regression analysis, and they were reported as an odds ratio, with a 99% confidence interval (CI), after adjustment for age, race, gender, hypertension, hyperlipidemia, tobacco exposure, and diabetes. The results were also reported for pseudoexfoliation of the lens capsule and PEXG, combined and separately. All analyses were conducted with Statistical Analysis Software (SAS^®^), Version 9.2, Cary, NC.

Results {#sec1-3}
=======

After the inclusion and exclusion criteria were applied, there were 6,046 case-patients with PEX. Cases were almost equally divided between pseudoexfoliation of the lens capsule (*n* = 3,004) and PEXG (*n* = 3,042). The control groups consisted of 105,019 patients with POAG, 115,584 with chronic sinusitis, and 125,924 with BPH. Although the majority of patients in the study were men (case patients = 96.8%; control groups range: 86.6 to 97.4%), there were differences in racial composition and age distribution \[[Table 1](#T1){ref-type="table"}\]. Blacks made up 2.4% of the patients in the case group, yet represented from 4.6 to 15.6% of the control groups (*P* \< 0.01). Patients with PEX were nearly five years older on an average, compared to persons with POAG (77.1 vs. 72.3 years) and with BPH (77.1 vs. 71.8 years); and were 20 years older than those with chronic sinusitis (77.1 vs. 57.1 years) \[[Table 1](#T1){ref-type="table"}\].

###### 

Characteristics of patients with pseudoexfoliation, cases and comparison groups
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The distribution of cardiovascular disease risk factors (confounding variables) varied across groups. The prevalence of diabetes mellitus, for example, ranged from 27.3% in patients with BPH to 44.3% in patients with POAG (*P* \< 0.01). Systemic hypertension was found in 54.8% of those with chronic sinusitis and 80.7% of patients with POAG \[[Table 1](#T1){ref-type="table"}\].

The distribution of cardiovascular diseases (unadjusted prevalence) also varied. A history of previous myocardial infarction, for instance, was three times higher in patients with PEX and POAG compared to patients with chronic sinusitis or BPH \[[Table 1](#T1){ref-type="table"}\]. Congestive heart failure was also more prevalent among those with POAG than in those with chronic sinusitis \[[Table 1](#T1){ref-type="table"}\].

After adjustment for age, race, gender, hypertension, hyperlipidemia, diabetes, alcohol use, and tobacco exposure there were statistically significant associations of PEX with all forms of chronic ischemic heart disease, cardiomyopathy, and aortic aneurysm, compared to patients with BPH \[[Table 2](#T2){ref-type="table"}\]. Except for the miscellaneous ICD-9-CM coding category referred to as 'other forms,' all Odds Ratios were significant at the 1% level. Associations detected with the chronic sinusitis comparison group included acute, subacute, and chronic ischemic heart disease, and cardiomyopathy \[[Table 3](#T3){ref-type="table"}\]. The category of 'other forms' of chronic ischemic heart disease was the only positive association of PEX in the POAG cohort, although cardiomyopathy was associated with just pseudoexfoliation of the lens capsule \[[Table 4](#T4){ref-type="table"}\]. This relatively ill-defined ICD-9-CM category, usually identified patients with signs of structural coronary artery disease (e.g. coronary artery calcification or vascular narrowing on angiography), who did not fit into the standard coronary artery syndrome diagnosis.

###### 

Risks of cardiovascular disease in ocular pseudoexfoliation with benign hyperplasia of prostate comparison group^δ^

![](NAJMS-4-468-g002)

###### 

Risks of cardiovascular disease in ocular pseudoexfoliation with chronic sinusitis comparison group^δ^
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The single strongest correlation was with cardiomyopathy (OR 2.60 99% CI 1.53-4.43), reported with the BPH comparison group. The subset analysis (i.e. analyses with and without glaucoma) revealed that most associations were positive for both, except in five situations, where three were noted only for pseudoexfoliation of the lens capsule and two only for PEXG \[Tables [2](#T2){ref-type="table"} and [4](#T4){ref-type="table"}\].

###### 

Risks of cardiovascular disease in ocular pseudoexfoliation with primary open-angle glaucoma comparison group^δ^
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Discussion {#sec1-4}
==========

This study, using administrative databases, showed statistically significant associations of PEX and PEXG with a variety of cardiovascular disorders, after controlling for age, gender, race, hypertension, hyperlipidemia, diabetes mellitus, and alcohol and tobacco use \[Tables [2](#T2){ref-type="table"} and [4](#T4){ref-type="table"}\]. These disorders included past acute myocardial infarction; acute, subacute, and chronic ischemic heart disease; angina pectoris; other forms of chronic ischemic heart disease; congestive heart failure; cardiomyopathy; and aortic aneurysm. These associations varied, however, according to the control group. The most positive associations were found with the BPH comparison population and the least with POAG \[Tables [2](#T2){ref-type="table"} and [4](#T4){ref-type="table"}\]. The only disorder that was consistently associated with PEX in all three comparison groups was cardiomyopathy, which, to our knowledge, has not been linked previously with PEX.

The fact that the relative risk of cardiovascular diseases and PEX was least when compared to a population of patients with POAG suggests that glaucoma itself may be an important confounding variable. This observation is supported by a number of previous studies that have shown a correlation between POAG and atherosclerosis, or other risks factors for vascular disease. In a review of this subject by Pache and Flammer, the authors found 16 studies showing a positive association of elevated blood pressure, smoking, or elevated serum lipids with POAG.\[[@ref14]\] There were, however, approximately a third of as many studies reporting no association, or an association with arterial hypotension, rather than high blood pressure.\[[@ref14]\]

There are other challenges to establishing causal associations between PEX and commonly found heart diseases, among an elderly population. For one, the proposed pathways of causation between cardiovascular disease and PEX go in both directions (reverse causality).\[[@ref15]\] In other words, some investigators hypothesize that cardiovascular risk factors may affect the development of glaucoma, while others suggest that pseudoexfoliation material might affect the development of vascular disease. Another problem is the expanding number of newly recognized, potentially independent risk factors for cardiovascular disease, such as, inflammation (as measured by the C-reactive protein), vitamin D level, and hours of regular sleep.\[[@ref16]--[@ref19]\] Finally, the web of causation for most age-related cardiovascular disorders is incompletely understood, and for those conditions typically attributed to ischemia, the presumed pathogenesis can be quite different. Congestive heart failure and cardiomyopathy, for example, are both commonly attributed to ischemic heart disease, but can also be caused by toxins or an infectious disease.

This national cross-section comparison study, involving over 6,000 patients with PEX and over 100,000 patients in each comparison group found significant associations of PEX with many forms of heart disease, particularly in the BPH group, after adjustment for age, gender, race, and major cardiovascular risk factors \[Tables [2](#T2){ref-type="table"} and [4](#T4){ref-type="table"}\]. The use of POAG as a comparison group served to offset any association that might exist between open-angle glaucoma and cardiovascular disease. This control group also helped to assure that persons with PEX were not inadvertently represented in the comparison group, as data were collected retrospectively. PEX should have been recognized and recorded in the electronic medical record with any reasonable evaluation of open-angle glaucoma, although we acknowledge that this might not always be the case. POAG as a control might have some drawbacks. Treatment of POAG with β-blockers, for instance, could theoretically reduce the prevalence of clinically detectable heart disease.

Our results showed that substantial differences in major risk factors for cardiovascular disease existed between groups. Variations of a similar nature have been found in other epidemiological studies, and may explain why reports on the relationship of PEX and cardiovascular disease have shown some inconsistencies in the literature.\[[@ref4]--[@ref6][@ref11]--[@ref13][@ref20]\]

There are several weaknesses of this study, other than that the population was predominantly male and that de-identified data was collected retrospectively. The diagnosis of PEX could not be confirmed, and the diagnoses of cardiovascular diseases were not standardized. Although, at the slit lamp, few conditions could be mistaken for PEX, it is possible to overlook faint deposits and the diagnosis can be missed following cataract extraction. Controlling for cardiovascular risks factors is challenging using administrative datasets, but prior studies have also often lacked data related to tobacco use, alcohol consumption, socioeconomic status, and key hemostatic factors.\[[@ref4]--[@ref6][@ref11]--[@ref13][@ref20]\]

Conclusion {#sec1-5}
==========

Using a cross-section comparison study design, we found correlations between PEX and cardiovascular diseases, similar to those reported in the literature, and with cardiomyopathy, which had not been previously described. Attenuation of these associations when compared to a control population with POAG, however, suggests that the relationship may be confounded by factors mediated through glaucoma itself.
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